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Fy. 1 (%r@dera.tions for lunar  base atlas.

lore. ?hls article m.rmmrwlzos  tho

Lunar Base
Speculation with regard to a permanent kmar base has been with us  dnce
Robert Qoddmd waB worldng on the ffmt Ilquld-fuolled rockets In the 1020’e.
With the infu(alon of data trcm the Apollo Moon ftlghta, e onoa spaculethre
area of space exploration has beoome  an excttlng posslblllty. A Moon bese
Is not only a very real poaelblllty, but 18 probably n crftloal element In the
continuation of our piloted apaca progmmme, Th18 article, originally drafted
by World Space Foundation voluntesm In conjunction with vadou$ eca-
demlc end re$earoh groups, examlnee some of the 8tmtegleB Involved In
8electlng an appropriate elte for euch a lunar beee. Site setectlon  Invohros
a number of complex variables, Inoludlng mw meterte18 for posBlfJlo rocket
propellant generation, hot and cold cycles, view of the eky (for aatronoml-
oel con81daratlon8, among others), geological makeup of the region, and

k e y  brrso srltlng cormlderetlons o n d  suogests sorrm nltrwnntlves.  Avallddllty  of
poclfic resources, Including energy and cortaln  mkrorrds,  Is crltlcrd

7 troduc tlon
Of nineteorr lunar surface sites ex-

Iored to date, a dlverslty  of foaturos
n d  characterk+tics have been exam-
led, If the first lunar “resource” is
Information, then the utility of a locale
x the In-situ and observational scl-
nces will rank high, Early site selec-
on wIII be governed by safety, econ-
my, and Immediate utility of the ro-
ources already known. Later site
electlons wIII depend on new knowl-
dge of all types of resources (Fig. 1).
Present discussion of base sites is

riven most strongly by {he $clentlfic
ommuntiy  with consideration to engl-
eering  feasibility and eventual re-
ource utilization. lunar geology, lu-
ar geophysics and olhor  disciplines
oncernlng  the Moon and its environs
;elenology)  domlnato  one branch of
clentific  Lrtlllzatlon, w h i l e  u s e  of the
loon as a platform for astronomy,
pace physics, Earth and solar obser-
vations dominates the other branch.
)verlylng any discussion of she selec-
on for those uses are the sullablllty
f local terrain, viewing of the Sun,
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Eerlh  and hoavons,  availabil ity of
energy and heat rojectlon paths, and
local material resources.

One of the earliest discussions of
lunar base location was put forth in
1920 by flobort Ii. Goddard, a pioneer
In American rocketry. He noted, “The
best location on the Moon would be at
the north or soulh pole with the [pro-
pellant] Ilquefier in a crater, from which
the water of crystallization may not
have evaporated, and with tho [solar)
power plant on a summit constantly

Q. 2 Sinueus I Iadley Rille  was {he landing die for Apollo  ILI, Ioca]ed  near the tmttom+en!re  e(tgn cd
Js ptwbgrtipt!,  North Is 10 tho right,  the Apennlnos  tay 10 tho East  just  OH tho bottom  ed$ro  Attt,o\l@,
IWO may bo more optlnml  Ikmar base sikm,  Hadlay Rillo  would  be n mnson.ablo  choice

uxposccl  to the Sun, Adequate protec-
tion should, of course, be m a d e
aoalnst  meteors, by covering the es-
sential  parts of the apparatus with
rock,” (see p. 405, upper plclure),
Many would SW credit hlm with a valid
conclusion, even though geologists
wIII offer dtfferent explanations If vola-
tlles are found at the poles. Recent
ground-based radar indications of the
possibility of ice near Mercury’s poles
weakens some arguments against the
possibility of lunar polar ice by sug-
gesting that solar wind erosion may bo
less Important than proposod  in lirr~lt-
Ing ice buildup.

Earty locales wilt) diverse rnalerlals
are likely to outrank locales with the
highest concentration of a single de-
sired substance. The exception may
be any site with a conconlration  of
hydrogon  or carbon in some form,
such as Ices or subsurftwe  gas roser-
volrs. Scarcity of these types of reduc-
ing agents has come 10 be the domi-
nant limitation In most discussions of
lunar resource utilization.

Geologists wanl 10 sample and rec-.

— .—.— .———

ord a diversity of terrain rerm!sentinfr
the major  geologlc phas~$  o f  lh~
Moon’s formation and evolution. Mare
and highland sampllng  at many sites
Is considered essentla!, with age dl-
verslty  Important.

Energy Is another resource, cer-
tainly  for surface operations, and per-
haps even for export, If nuclear powor
Is urmvallable  at the requlrecf levels,
energy storage equipment for the 14-
day night Is Important, Hlgft crater rims
and peaks near both poles may offer
near-constant solar Illumination, and
modest towers at these locations cer-
tainly will, but a thorough Ilghtlng sur-
vey has yet to be conductod  to pin
down the basl Iocatlons.

Any Iocatlon on the Moon would do
for a partial gravlly  test faclllty  for Ilfe

Porllons o! work  mpxtod  twe wuro pertornoed
al t+o Jet ProPulsk3n  Labefatwy,  Coll(omln  ln-
a$tute  01 ~adnolofry,  Supprt*d by the National
AWOMU5CX  md SpacII Mmlnlstration. Tha su-
thors gratefully ● knowledge the pdor wofk of
m a n y  ohm  refersncd  h the orl@ml  pubtbx..
~, _ h** Vdlh permlsslen o f  thcI  WOM
Spwa Fcwndhtion
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Siting
s c i e n c e s  inve.e.tigation6.  For photo-
sensiilve  orgarrlsms,  polar locations
could offer piped-in sunllghf  on any
day-n igh t  cyc le  researcher  might
choose,

Fllght mechanics into and out of a
base site can be an Important consld-
erallon.  Equatorial and polar sites are
favoured  for their near-constant ac-
cesslbllity.

Slopes and terral~  features can bo
resources themselves. Slopes offer
favoured  Wrmlnat{on and shadowing,
while craters offer natural depres-
sions  for astronomical Instruments,
barriers to lander exhaust-driven
debris, reactor shields and other uses.
Elevation differences also figure Into
some energy storage 6chemes.

Surface moblllty wIII Influence SI1O

solectlon  by dictating the range d ac-
cesslbl!lty  from a core base she, Sub-
sldlary sites can serve a variety 01 spe-
cialized purposes,  such  as  mlnlrrg
whore difforont ores are accessible,
Sensitive astronomical instruments
wIII nood to be away from frequent sur-
face actlvllies, After accounting for
the diffraction of the signals of these
activities, we find that if a main base is
Iocatod near the iimb as viewed from
r.arth (i.e.,  90 degrees Iongllude),  a
subsidiary site at about 101 degrees
east or west Iongltude  affords suffl-
cionl  radio Isolation from Earth at the
limits of the Moon’s east-west Ilbrallon
(or “wobble”).

If we had to choose a site today and
be certain of a workable, if not at all
optirnaf locale, the Apollo 15 iarrding
site at Hadley  Rille (fig. 2) would be a
rr.rasonable choice. But we can afready
see superior sites, though we do not
know precisely where It is safe to put
the base’s first landers down. Virtually
all investigators agree on the wfsdom
of a lunar polar orbiter with suitable
coraposition-r neasurlng instruments
plus Imaging, Surface rovers may be
acivlsablo at “finalist” sites, while tele-
operated (temotely  controlled) rovers
will surely play an important role in
exploration from any baso site, Early
missions could even be used to build a
cache of some useful product, such as
oxygon,  for use by later human explor-
ers,

As important as further lunar recorr-
nalssancc  is, terrestrial development
and testing of alternative resource
extraction processes Is essential.
Operation of one or more lunar baso
analogs (as in ground-based simula-
tions) would offer Invalueblo  exporl-
encc at n fraction of the cost of making
mistakes on the Moon. Determination
of the most workable and economlca!
resourca extract ion processes will
influence any  resource-driven site
soloctlon.

Fig 3 Luna,  OUL(IOSI  si te rma, MaIO  Smyith

Base SelectIon Crikwle
The search for po!entlal lunar base

sitas is a complex underlaklng,  There
are widely  dispersed iunar  sites of
Interest for known and potential re-
sourcos,  selenology  (the science ot
the Moon and 11s environs), and obser-
vatories. Important characteristics
Include certain geological and topo-
fjraphlc  features, local mineral and
rock composition, solar illumlnatlon,
view of Earth and tho ceiestlal sphere,
and soil engineering properties (in-
cluding usablllty as a construction
material, etc.), Space vehicle arrival
and departure trajectories favor equa.
torial and polar sites. Over time, base
sites will be developed servino dlffor-
ent purposes. information may be tho
Inltlal lunar “resource,” in the form of
observational and on-site research.
Resource-driven SIIOS may see the
fastest growlh  during early decades of
lunar development, but selectlon  of
initial SHOS is likely to be driven b y
suitability for a contbination of actlvl-
ties.

Only equatorial locations offer
nearly all-sky VIOWS  for astronomy,
while most of tho far side offers radio
isolation. Such Isolatlon  could oflcr
radio astronomers a view of the urrl.
verse unfettered by television broad
casts and a host of other terrestrial
Interference, A base in Mare Smylhll
(Ftg.3) witfr subsidiary outposts would
be favorable for a variety of pur-
poses, and would proserve a broad
resource flexibility. Discovery of ac-
cessible volatlles  (substances which

— . . . . . .

Me&o
are easily vaporized, such as hydw
gea,  water and carbon dloxido,  which
often turn out 10 be useful for sustain-
ing Ilfe and making  rocket propel-
lants), in the form of polar permafrost,
subsurface gas roscwvoirs, or comet
impact remnants, would dramatically
incroasc  the attractiveness of such a
she from a logistical support arrd selc-
nological  point of view. For example, a
ready source of water Ice would alfow
the manufacture of hydrogen and
oxygen for the kip  home or to of her
destinations (It should bo noted fhat
no reliable evidence of such volatlles
exists). With the availability of near-
COttStaflt  SIJnlighf  for power genera-
tion and permanently shadowed areas
at cryogenic temperatures, polar sites
requ i re  substant ia l l y  loss  Earth-
Iaunchod  mass and lower equlpmenl
complexity for an Inltird base. Polar
slles are, however, scientifically Icss
interesting with their Hrnlted view of the
sky and absence of important types of
terrain common at lower latitudes.

Reliabte evidence ex{sts for areas of
cerlaln  mineral concentrations, such
as ilmrmilc,  which could form a feed-
stock for sorrjo  pro}mscd resource
extraction schemes, In addition to
belrrg a soufc;e fcrt oxygen and iron,
ilmenile  (composed of iron, tilanium,
and oxygen) harbors higher concen-
trations of solar wind-implanted hy-
drogen, carbon, nitrogen and treliunl,
These elements were apparently ex-
hausted from the Moon during its for-
mation and evolutlon, but minor con
centrations  have collected out of the

. . . . . . . . . . . . . ..- —- ——-...—— ..—
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~“lolll[ MOON
tenuous plasma discharged from tho
Sun and driven across the Solar Sy8-
Iem as the Solar wind. New data from
a lunar polar orbiter are essential for
the most Informed site selection.
Data from the tlrst Galileo flyby have
already revealed previously u n -
known features and will aid surtace
mineralogical characterization.

The Present Underetendhrg of the
Moon

The last unmapped region of tho
Moon, near the south pole, was pho
tographed during the December 8,
1990 Galileo flyby, but ttrerc Is a great
deal more that would be helpful to
know In selectlng  base sites, From
Ranger through Apollo the trend has
been to open up mlsslon constraints
to afford better scientific opportuni-
ties. Apollo 11 was sent to a flat mare
region for safety. In contrast, the
Apollo 17 site was selected for Its
geological dlverslty wlthln a small
area (Fig.4).

l-he last threo Apollos carrlod a set
of orbital Instruments designed to
map the surface et fine resolution and
infer Its composition, but near-equa-
torial  orbits Ilmfted their coverage to
less than 20% of the Moon. Crude
geologlc  maps of the entire surface
havo been constructed from the best
avallablo  data of all types.

Information needed for selecllng
the best base sites depends on the
objectives of these bases. However,
some kinds of data are required for
nearly any base. local topography is
an obvious need, and most investiga-
tors ngree that, except for the immedi-
ate vlcinlty of the Apollo sites, present
iniormaUon is inadequate. Even with-
out elevatlon  data, posltlons  of fea-
tures are typically uncertain by 1-3 km
on the rrcar side, by 3-6 km pofeward
of 65  degrees latitude, and by ’3-15 km
on the far side (It is Important to ro-
mcmber,  though, that terrestrial ex-
plorers sckfom knew their locations a
fraction as accurately).

An wbltlng laser altimeter and a
rnctric camera system offer the pre-
ferred means for lmprovlng lunar topo-
graptric  maps.  Knowing topographic
obs tac les  Is essential for safe a p -
proach from and deparlure  to orbit, as
well  as for dwlgnlng solar power and
thernlal radiation Installations for a
sDeclllc site. SDatlaf resolution of 1
n’teler or better  -is proforrod to corllly
l a n d i n g  s i t e s .

1 hc next most Irnporlant now lnfor-
rnatlon probably concerns tho subsur-
frrce mechanical properlies, to a depth
of at least a rnetor, that affect digglrrg,
foundation-building and other prepa-
rations al any speclflc  site. Where
mining is contemplated, such informa-
tion is hnporiant  to a greater depth.
Though the lunar surface has been
somewhat homogenized by Impacts, It
does vary in stale of compaction, grain

Fig 4 Arrow Indicates 1110 Apollo 17 Ianf.r!rg si(e
variety of gOOrOgidy  tehoutinp (ormalions.

size dlstrlbutlon,  SIZO 01 embedded
rocks and other mechanical proper-
ties.
While compositional properllas  may

be iess Impwlant  than local topogra
phy and soil mechanics durlrrg  tho
earnest lunar operations, composi-
tion wIII domhrate once resource de-
velopment begins. Composltlonal  kr-
formatlon  IS theretore  h i g h l y  dosk-
able even before choosing the first
base site,
Multispactral  remote sensing from

orbit provides needed regional data,
af(er  which surface traverses are
best tor deklllng the most promising
locales, Long range rovers teleoper-
atod from Earth  carrying lmaglng,
geochemlcal  and geophysical instru-
ments, woufd bo sultabie  for both scl-
entlflc and resource she roconnals-
sance. Uso of these rovers could
continue during base build-up.
Depending on a short list of candi-

date $Ites, different kinds of local in-
formation may be useful for selecting
a final site. For a polar site, an orbiter
with altimetry and metric Imaging
could perform a survey of varying
surface lighting conditions for sltlng
solar power generators, radiators
and Instruments. In the event an or-
biter detects Indlcatlons  of volatiles
near one of the poles, surface explo-
ration may be required for precise

,,9,, ,, Iocatlon. In a slmllar fashion, it could
prove useful to explore volcanic ar-

——-. .—. ..— ---- -- .———  —. .- ——.  -—.

Surface Transportation
lunar Oufposl  ISI the title of a publlcritlon that doplcts concepts devaloped
during the Luner Base Systems Study undortekon by tho Advanced
Programs OftIce, In the Englneerlng D1rectorato  of tho Johnson Spaco
CentOr, In 1988-88, i t  waa recofyrlsed at the tlmo thot tho spacecraft
concepts presented may not be the ones that wIII eventually fly and that
some of tho olomonts  described may not even be built. Its purpose was not
to prerrent  a preferrod path or “road map” to the Moon, but to enllghten tho
reador on tho needs of Iuner  oxplomtlon and development, and to chellongo
the reader to formulate new Idens and concepts, We prosont here tho soctlon
o n  ‘Surfoce Tranoporlatlon’.

Lunar surface transportation is
designed to move people and equip-
ment to accomplish local ob]ocllves
and perform long dislancc  missions
krckrdlng the mapping and surveying
of future rnlnlrrg and resource sites.
Other construction tasks, such as
excavation or large equipment assenl-
bly, will be accomplished by specially
designed construction equipment.

The operating conditions for surface
vehicles wIII be very different from
terrestrial travel conditions. 1 he McIon
has one-sixth tho gravity cd [ arlh,
practically zero atmosphwc,  cxlrernc
temperature swings (10? K ICI 384 K,
or -250”F to 4257°F, at the Apollo 17
site), and almost no magnetic field to
provide protection from radiation. The
vohlcles required for lunar operation
must not only survive this environment
but do so over many years.

When humans return to the Moon,

Ihc surface vehicles will be designed
with the help of pasl experience -
Apollo missions 11, 1 ? and 14 lhrough
17, and tho unmanned Soviet 1 unok.
tlod 1.

Two types cd transportation vchiclc
will be required clurlng the buildup
phase of the lunar outpost: an unpres-
surised rover for local transportation,
and a pressurised vehicle for long-
range tfavcl

The local rover, 10TRAN (local
lrans~wrlation vchiclco  unpressur
iscd), I:: designed for a range  of 100 lcm
with a maxinlun]  speeci of 15 kndh Ils
p a s s i v e  suspenslc,  n In the  form oi
rnetal-clasiic  wheels simplif ies ihc
d e s i g n  b y  rcduclng the r~umhet of
mov ing parls  and opportunities fol
fai lure. The vetlicle is fully adiculater!
at twc, jolnls, allowing for obstacle
avoidance and/or  negotiation. It can
carry two c!ewntembers  plus 850 kg of

_. —.. . . . . .. ——— — . .
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eas, such as the region around Aris- whlch could make natural base shel-
tarchus,  for possible vents and asso- ters and olher physical and composi-
ciated mineral lzatlon, lava tubes tional features (Fig. 5).

. . . . . . . . . . . . .—. —.. —. . . . . . . . . . .
—— .— - . .. —.. — -— . ..— - - - - -

MOSA1’  and  LOT RAN vehicles on a scoulin~
m i s s i o n . JSC/NASA

payload or two additional crewmem-
bers, depending on the task require-
ments. The second joint  can be discon-
nected for trips not requlrlng  the trailer
section,

The pressurised vehicle system,
MOSAP  (mobllo  suriace  appllcetlon
traverse vehicle), has a maximum
I tinge cd 3000 km with a nomhra) speed
of 10 km/h, It also has a passive sus-
pension in the form of cone wheels,
The complete system is a four-piece
modular design to allow flexlblllty  [n
mission plannlng.  Each of the four
units can be Indlvldually  operated or
connected In the train configuration
shown below and controlled by the first
unit, the primary control research
vehicle (PCRV).  The units following
the PCRV are the habitation trailer
unit, the auxlllary  power cart, and the
experiment and sample  trailer, Most
tasks, such as crew transfer and
medium distance survey or sample
collection, will require only the PCRV.

Extremely long traverses will be
accomplished by using a Iandlng crafl
with crew module flying round trip from
[unar orbit. Basing  the iandlng  crafl  at
the outpost and “hopping” from site to
site would not be as energy efflclent.
Reference
J o h n  Aked  el al, Lumr  Oqoocf.  Jotmsco Space
Center  1989.
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Material  Rosourcos
Flrs[  considerat ion of  rtlatc[ial  re-

sources is given to a site’s abllily to
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Fig 5 Ihe aten  arounc  the young  orator  Ark

support local operations. At least
meter-deep (and preferably deeper)
regolilh (loose soil) is desirable for
burying Irrltlal habitation structures to
sullablc  depth for long term cosmic ray
and solar flare shleldlng.  Two meters
of 100so material protecting inhabited
structures from all directions,
achieved by a combination of trench-
ing and burying, is considered ade-
quate,  Mechanical properties should
of fw easy excavation. Ilmenlte-rich
mare (lunar “sea”, or lowland) SOII
p rov ides  slighlly superior radlatlon
protection for a given thickness than
lower density highland material, but
this Is not likely to be doclslve  advan-
tage in base construc!lon.

Second consideration is given to
reducing the need for costly importa-
tion 01 terrestrial rnalerial  for functions
easily replaced by lunar material.
Perhaps the simplest processed lunar
material is cast basalt (a family o!
Igneous rocks common to the Earth
and Moon, formed when certain types
of lava cool on the surface. An examp[o
of basalis are the majority of the
Hawaiian Islands and lunar maria).
Results from Earth-based testing Indi.
cato that basalts  appear to be of sull-
able composition to be melted, poured
Into forms, and cooled into bricks and
more complex structural forms. It can
also be spun Into Insulating rock wool,
as has been done In some terrestrial
industries for decades. Melting and
sintering  (heating and forming without
melting) temperatures are about 200
degroos  celslus less for lowland mare
basalts  than for lyplcal  highland mate-
rirrts, arrd therefore require less proc-
ess heal, Materials for production ot
some metals, solar cells, cement
(based on CaO, calcium oxide), con-
crete, etc. may be more easily ex-
tracted  from highlands afthough con-
fXXltralOs from mare materials will be
adequalc, S o m e  Mghland  materlafs
produce a  h igher -s t rength ,  more
transparent glass. For simple bulldlng
maferials, a mare site is superior but
highland materials will work.

Volatiles In lunar samples have been
shown to cwiginate from solar wind
implantation. Concentrations of
hydrogen, carbon and nitrogen, the
most valuable for Iile support and
propellant, are available from lunar
soils  and ‘tegolith  brecclas  (a rock
composed of chunks of smaller, older
rocks which have been fused together
in a geologlc process). Because these
elements implant ovor time on the
surface of mlnoral grains, their mass
concentrations are hlghesl on smaller
grains in older SOIIS.  C;oncenlratlorrs
are much lower In solid Igneous (vol-
canic) rocks. Retention on Ilmenlte
grains Is preferential to other common
mkrerals. H is not clear that the bulk
availability of solar wind-impiantcd
hydrogen, carbon or nilrogcn is suf(i-
clent for practical production quanti-
ties of propellant, Other possible
sources of Volatlle compounds include
cometary impacts. Water, carbon
dioxide, methane, hydrogen sulflde,
ammonia or other volatiles are unlikely
to last long near the impact points, but
could collect In poiar cold traps.

Simple heallng of lunar soils to 700
degrees C wIII liberate mosl of the
volatlies, with heating above 1050
degrees C required to obtain most of
the rest. Splar-driven processes could
ylold sufficient gases to make up for
habitat ieakage and other iosses.
Young crater rims and ejecfa biankcts
are probably deflclent  in Implanted
volatlles;  other areas with sulflclent
regollth depth (probably most of the
Moon) aro likely to be satisfactory,
though there may be a preference for
Ilmonlte-enriched regions.

Speclallzed  ore bodies could take
Severai forms. First, “ore” should bo
defined as a naturai concentration of
a useful substance 10 a Ievei and III a
form which makes its extraction eco-
nomlcai. M o s t  mlnwal concerdratlons
romaln  to be discovered. Even on
Earth, ore bodies are soldorn discov-
ered and never confirmed without on.
site sampling. At this point we can only
suggest a few kinds of iunar rnaterlais

which might prove important to base
Iocatlon. A prollminary  list could read,
hr descending order of Importance:
mare basalt regollth,  ilmenite,  iron,
pyroclastic g lasses  witil seml-vola-
tiles, high alumlnum content highland
material, and KREEP  (Potass ium
Rare-Earth Elements, Phosphorus),

Ilmenlte  has been discussed as a
feedstock  for oxygen production by
chemlcai re-ductlon, fo r  i t s  hlgber so-
iar whrd vofatiies content, and for the
poterrtlai to beneflciate  (a proparatlon
for processlrrg where the usefui rXm-
tent of the Ilmenlte  Is onrlched)  It from
SOII using relat ively simple elecko-
statlc  techniques, Howover, no ono
has yet demonstrated that naturally
occurrlrrg lunar ilmenlte  can be ade-
quately  separated from accompany-
ing substances to form a suitable cost-
effectlve feedstock, T h e r e f o r e ,  il-
menite  availability as a major siting
criterion could be a trap. Early use of
Ilmenite  is less oflerl described In
terms of a source of iron or titanium.
ilmcnlte is especially abundant (up to
20V0 by volumo) in some Apollo 11 and
Apol lo  t7  mare basalts. iimenite  is
most ofien associated with hlgl~- tita-
nium basalts  in maria. Metallic iron
and rrlckel-iron grains make up a small
fraction of soil, apparently tho product
of meteoroid impacls,  lava crystalliza-
tion and a chemically reducing envi-
ronment. While not considered an
important early base siting  criterion,
availability of reduced metals such as
Iron couid  become important later.
C)ldor terrains, with deeper rogollth,
presumably have n,ore metallics,  i.e.,
iron and nlckoi, which may be easily
benoficlatecl  magnetically,

For oxygen extraction, magma olcc-
trolysis  (passino  an electric current
through moiten  rock), high tempera-
ture  p y r o l y s i s  (altcraiion thtough
heat) and fluoride processing are
s o m e w h a t  sile-inclependont,  though
process energies may vary. Ilrnonitc
reduction and pyroclastic  glass proc-
essing require site-variable feed.
stocks (pyrociastlc  glasses are typi-
ca l l y  t iny  broken beade,  formed  In
explosive meleorold impacts or voi -
carrlc events.  They  form when bits of
mol ten rclck cooi too rapidly to fol m
crystalline grains).

A conclusion of iho Aprii,  1 9 9 0
Johnson Space C;enter  Iunal base
workshop participants bears repeat.
Ing: “... We conciude that from the
point of view of resource utilization, a
viable strategy would bo to select a
high titanium mare site, perhaps cm or
near a pyroclnstic  area, and near a
highiand area SC) that calcium-rich
fccdslock  would EIISO M? available,. .“

R e f e r e n c e

J o h n  S  Lewis, Mddrod  S. Matil]ows  and
M a r y  L ,  Guerrioti,  Edilors, Frescwrces  O(
Nenr-Ffrrfh  Space,  Umvereily o f  A~izo(w
Preee, Tucacw & London, 1993
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Lunar Base
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:,< Spoculertlnn w i t h  regard  to o pormanom  Iurmr  LIusw IIU*  boon wi th  uo elnce

()

P
,LIMU,  17101MJ$1  u Robert  Qoddord  was wetklng  e n  tha  flrnt  Ilqr.rld-fuelled  rockets In the m20’8.“,ln.,qr!  .1.,.

C.. *,... ... With the lnfu$lon of dultr from tha  Apollo Moon fllaht%  e one~  speculntlve
● res of spne$ exploration has bcrcome an .xcliln pus$lblllry.  A Moon bona

N b!’IY not only  a voqI  rod po. olblltty.  but IQ pmbrr y a critloal elentorrr In the
. ,!, ml  V(M.  : , .,!,41,  w *W.\’

\

CL  W)l,  V1
contlnuatloh  of our piloted upbce Progtemmo. Thb ertlclo,  odglnnlly  drafted

.\ ,!, W#”d!.  -!l.W!.. by World Spece ?mmdttion Vohrnteam In Conjurrctlon WIIII various ace.\ .,,, /“. . . - . . .
I i~h~ll: 1 IJL, ,*. .,,tid~:. rlamlc  atd rwsoarch gwupo,  oxomlnos  somo  nf tho strateo{es  I n v o l v e d  [n

.C!(. [z? rl,dlo snkttno an appff$rteto  Nte for DUGh  u lunar baoo,  Qlte eolactton  i n v o l v e s,,,.  *M,
. . . . ..— — . —. . . . a number of  oomplex  vrmlafdan, Inoludlng  mw mmerln[t tor powdbie rockot

I l:!. 1 Cc*rridw~!krw  W #rnw IIAW stiw. propatlant  gorrwotlon,  h o t  a n d  ootd oyaleo,  VIOW of  Ihm aky ( for  aatronomb
cd earrnlrfarat!ons,  amen~  othfrm)j  ~eolo@md  m a k e u p  o f  tho r e g i o n ,  wrd

mnwr.  Thkr ryrllcla  gummarizr+r  thw Auy bnsc bltlr-q rmncddcr?flnns srrrl rrIKIormfrr Wmo  nltrmfl!lves. AvallrIMllly  d
apoclflo  roaourcos,  lticllwlln~ cneroy  ond ccrteln  mlrmrrrls, 1.1 IOrltl,.r!l t,, $Ucc(!r,:,.

Introduetlon
01  Illmkul  I lunar rryriacc Gitoc e7.-

plnred 10 date, a Wsrslty  of fwlulu~
nnd ohmmwarlstics havn bwr exrm
Ihed, 11 Ihv 111A l u n a r  “rcwurco”  Ic
infrrrmatirm. then the UIIIIIV d a Iouik
for the in dtu and o b s e r v a t i o n a l  sci.
eoces  WI WrK hlgfr, Ewly dte  solec-
tlon  will be ~mmrnmi  by $dety. ocon-
cmIy,  mIIJ lh~modinte utility o f  tht ro-
r+rmrces ulr%ady  k n o w n .  LcrleI XIIIJ
dccfions will depend on rwrw knowl
r?afle of all Iypw UI resources (Fig. 1),

Prowmt rjiscussiorl  ot bEi&r? CttOS  1$
rlriverl moot  otrongly  b y  the mlrmf[fic
coIWMlly Wirh Corlsldwidkm to eng}
noorlrtg  lnaslhllity  arrd ovenlual  re.
source Utlliznliofi. I unat Qaology,  111.
t]ar  gfjoPhvW  frnd  UIIIW Lliaciplinet
concornlng Iho Monn and its rjnvlrons
(wluIldcqy)  doniincr{c  orm brunch of
scientillc uukzalion, wrwe use d lhfi
Mf.Ion au Q platform  h~r a s t r o n o m y ,
Gpfice ptly>lL6, r,arth anrl solar obccrr-
vo!lnn~  dorninatos  the olhw rmnch.
Overlytny my rlkcusclon  o f  No Aec-
11011 for. lllr3Q?  useti  wc W* suitability.

I I I  Y WWII, I,’ I 16CIICV  Itilk  WAS III(I Iokmp  fin,:  lrd ApWI 13, bwm,l  Itr+I o, hrm mumo *:$4.. Id
d,t.  i II fIIm(It;II AI, Nctrtla  h, h. lb.:,  t~flfl.  !ho  Al,l.wln$z  Itf  10 m,  I II:;I. IIC,  I tiall  v,.  l,,,  Iu.,,  ,rb..  ldr I.,cx,  I
I:IJ,I,  ,!,,,,  1..  !!.,  !!,. rq41m,  tl lllmr  Ml>:  f;il(, t,  I  Mt@j  M.!  WIIIM  W .2 rCIINrllmdI,  \4~,*  .7

ROBmT  r$TAEHLE,
JAMES D. BURKE,

GERA1O C, SNVDER
J*1 l)fupuklrm I (M IUILJIVI  r,

CnWMIIIO hi$lilul(t  [II lvCflnOW!?)’

RICHARD DOWIING
wofl(i  !; f.<,!o(,  I <Nllw(z,fl,;l}

1111({

-. .. ———. —.- —..- . . . . ..- . . ..-.
4[17

rlrT Xl ‘  q.’< I:>:4FI

,,., ,. ,(. , l),,!’,:, !,, .,!,.
,,,, , , ... , ... .,., s,,: .,,,<,,
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Siting
SCIerICCC lrwtrul{vtdions.  ~or  p h o t o
timwlliwi  organisms, ~lar Iocatlorls
Gould cdfot plpod-in cunllghl  rm any
dav-nlgnt cycl~  rc>ti~rchers  mlghl
choose.

Fllght rnodwico  I n t o  and out ol,i+
btwe sfto cm be an Imf.rwlanl consicf-
cmlion.  Gqua.torial nnfl polaf  sites are
Ifivourtid IUI Ifiolr  rwnrcormtant ac.
c,n~slllility.

C, IOpriU ond {wraln  ktornrr (fin be
resources  Ijwllwblvbs,  010pc3  of for
iauourwt  lllumlnal16n and shadovflng,
WIII16 crhters  o f fer  n$f LJral d~pfnx.
slorm Ior cwtronorldwii  illstrumcnts,
barrl~ro  !,., \findrjr exhaucl-dnvcn
cftilxb,  ttiaclor  shlolda bnd othw  UCFY.
E l e v a t i o n  dmrrsmces  afsu (Igufw  h!O
uumo ● nergy storaOa richcmes,

>uIIwx+ IIMMily wIII lnfluoncu  cllo
wdectioh by dlCMWtQ me ran~u VI ML-
chsdbillty  from a core bash RM. Sub
stctmrysltencm w:lv~avarietynfopo
ci:ill~frd  pllrpntes, !Juclt as mlnlng
wilwv dif{ertnt oiuti  aro swcoculhle
Snnsi[lvc aslronorlllcml  It]slfullltintt
will  nfind IO b~ away from trequenl su!-
l:ice advl(iub.  After a c c o u n t i n g  fut
the rtlftraction u! t h e  SIWWIS  01 Ihvse
actividus, wcfirrdltwt If s main hn~rr 10
locfiteu mm thu liIutJ as vlewerf f r o m
Fwlh  (i, a, 9 0  defrmco fongrtude), n
subsidicoy aliu nt about 101 ffngrnr+~
crest o r  wesl  longliud(,  tifforda  suffl
cienl radio Iankdhn  f r o m  ~ar{h HI the
lilllitb cd the Moon’o oacI-wIesI Ill,mtinn
(or “wobble”l.

II wo harltochrnw+a  silrtl(rday  LWILI
he rwltiill  Uf rL w@rhblc,  if no{ at all
fIf!limal IOCEIIO,  thu Apo{Iv  15 l~rttli!ly
site n! HLIdley lllllfJ (tl~. 2 )  WmIId hr: a
rtmxmat)le chub+, f3uI wc cnn nlruddy
W,CI ulrpr+r Rfh3$, Itrough IA& W 1101
hrww prcuisely  w h o r e  II IS rurfe 10 pIIl
lhc btwr:-o rifs[ IantJtirx duwn, Virtually
uII kwcc@4nrs  .qrrcc on the wfstlotII
(II ;~ hJIIar polw  orbl[cr with  CUllab14
corllponliion-  moa$tlrlrlg  lf)sflur{l*nts
plvc lm~~ing,  $uftae.n rovmt  rrkty bo
iKfVISabl~ al Wnalist”  siles, while ide-
(,pfw~!fid (r~rn~tcly c~n~rollerr) tuvw:;
will silrcly  pfay :41 impodanf  fdrr  i n
oxplorouon lrom wly  Iwti s.I1o. Cwfy
“I[dcsions”coidrf fwrm be used 10 build a
u~wlw M some useful p!oducl,  uuth at
f~yy(j~n, IOr use by Ialer  nurm WVI-
?.r>.

As Impoikrul  m turthc+r Iunor rc-cort-
nwk.~nw+ i s ,  terrcstntil  r,tcvelopmfml
and tccdirl~ o f  altorrmllv~  rnsrrurce
emracliun  prucl:>u~s  15 efisonliol,
(jper~lirm  nl or-w w m o r e  lunar b?i$~
.~nfdogs (na in ~rmrnd-bS9*d  cimtd#-
Iiorm) WO\J/U  o!lrx lllVillUUble  cx,p*ri
r,rw~ at:{ frndlcm nf fhec6Sf bf lrtfiltIti~
rrdsltihet or)  Ihe Moon.  Detwwinallon
I d  fho rn(t.t  worwable  and  Wulwrulcal
re$oulcc  axlr’aclion  prnn+ksc$  will
I n f l u e n c e  +rrty  te60urcc-drlvctt  .5110
solcc{lon

—.—.

1$1 X !lIltiDr  :.4KW1 :,,1,  w.,,!  AIO!C  !: I,,,:,  L,.

B r i n e  So/ocf/on Crltom
Thfi notwch  f o r  pnldkd  I(lnXf trase

SIICS  IS  n CUIIIPIQX  undwteklrto, Ihcrc
w wirinly  d i s p e r s e d  htrmr d[es  d
irdcro:!  ffir known uoti pol*ntM IM.
sources ,  selonoiouy (UIe science rd
the Moon and [lx cmvirorw). andotmet.
vulorie3. ,lmporlunl chirrtlc!erlstl?.  ~
Incktdc wlam geoiogluul  IIIId topfl
[Irnphic Ioatures, [w:*I mineral :\IId
rock cotrl}~u>ition, dot illdminollon,
vhw  d Parth am-f lh6 colesuar Cptwru.
rind d on~lnoori~q prup Orlion (In.
cwmfr usablltiy  w h cwwtructlon
mateflirl,  etc.). Sptir;o velllclc~ afrlvnl
und depetlurc  Ira]oclorlw  favu! wvln -
Ioritil anrf p61ar  akr, ovtv time, brmc
ciwc wIII be drwrdnpmf sefvirtO dltfc~
enlpurpows, Information may bolhti
Inlliat Iunor “’@Smrr’(: e,” Irl Ilr{: lfxrtl t-J{
obacfvational  nnd {Inr.llfi  r{!kifjarch,
I!esourcli-dflvtll  s i t e s  m n y  xw thu
ia$tmkl growth Clurlng early r.kmxrdes d
lurrrif devclopmrml,  Iw! selQctlnrI  (d
Iflillal slles IL Iliwiy ILI b,: ctrwnl, t,y
IX&Mlly IUI $1 mm~hlr{:dirm  {t! :ICIIVI
110s.

O n l y  *qua(oi’lal  Kmtrtlons  tIlfeI
IIcnlly  nll.uky  Vlffwu Inr. rlrtlror}c)~)y,
w/)liC  rltUSl lIf \lIV far rwft oftmr,;  todlo
‘finl:illnh. $uCh Ir,o[?lnrm I; Ol/lrr tI(fuI
ra~lo Lctrcmon)brc ;I view III IIM VIII
verso lrnfelleltjd  by tclcvl!dcw  bru(id
cads nnrl a  lmgt r~l crthcr Itjrrcwrl;+!
ir!fclfcr~ncc. A  b,ate in Mm $myfhil
(tig~$) WMI subrddii+y cwtpos!s  would
hn f~vourabk.  far ;I vnriely  01 I)ur.
pusvx,  drrd WOLM  prenmw it b r o a d
f4Kf)lJtce  IIrtxlbmty, ~dSC.OVely III Ltl.’
cesdblc  voffrtilbs (~lllmla!rctw  which

I
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{OIILIIIIIC. plakma diw+tarond f r o m  (ho
:>(ITI  *(1(1  lhl VcIll iL1’033  {II*  LMV GYC

II:IYI  its IIIC Solar wma.  ldebvdwa!fom
n  lUIICIr  pnlw orbiter two ccw+ntlal frxr
Irw mosl  hI(uIII16d slt& s.eleotlon.
L\xta frnrrl ltm lirsl  Galko  IISW h;ive
~lrwady r~vcolcd prevlcw$ly  un-
Iwtown Ierdlurm and wIII M sulfdce
f~jinc.ralcy}lcnl chriractorlzfdinn.

7tJd Presefrr  Underfirandlrw  o{ thb
Moorr

‘(IIV tm~ unmappd rcglon 0 1  ~he
Ivfhnrr, htrza thr! WWltt p(dfr, wfr~ ~h~
io;!r~lphod (ll~rin~ 11141 lh-w~mhrv 8 ,
l$~~(j C~L!\llH(l  flyby, t,ld fhC16 Is n Ufcd
d(!:{l IIWM’C lh~l WC)Ukt  b(r tIOl~hJt 10
I,I!CW I n  uoloclln~  base  sites,  I-’rnm
I{annrn Il”rfoufjh Apull{j IIIU Iwmd has
tlrmr, m c,pr.n IIp mlnsiuf I constraints
It, tiffnrd  beilcr ticicnllfio  opporluni-
Iics. Aucdlo 11 was rim 10 x [INI rharb
r e g i o n  for vufoty III crxntrasf, t h e
ApulhJ 17 :,ik wm stlndotf tof ilc
[Innloglctd  rllvcrsi{y  w!thln  R s m a l l
Arcn (F19.4),

“1 ~16 10s1  III(UV AI IUIIO$ c~rrled a ad
<ii itrlhlt:~l  in$lrunltjtlts doslunwr  1 0
tIIqI  ilw rmrfaec IN Iinc rotiolution rind
it)fr;~ 11s cnmpusl[loo,  but Iwo. mrlua-
{[,) k.t vrhl!,.  Iihtltd  thi?h”  COVCrti@3 to
ICS$ I II ;  III 2U%  of the Mr,nn,  CIWfif!
onnkIglc maps  (I1 MO enllrr+ surfttcw
twc bonn conctruclod  frnm !hri twsl
avallafxle Wtr id d t y p e s

Inffwmatlon  nrjrwtrW lor srrlucllnfj
th6 bed buob SW dapond~  on tim
ob)ecllvcs o f  MM(!  bases,  ~-luwcv+r.
c.orrre  kinds cd rbxhr a r e  requlrcd toi
rl[!wly any base. I.occd topography Ic
fin ohhuo need, canal mou! mveslrgti-
ir,rr. aYroo  ihat,  exc.op!  Iw fhc Imnwcll
[W vkdlllly UI lhe  Apullv $itcs, plvwml
Ildmwmtkxn i s  Inadeuuatc, Even Wllh-
mIl  clcvot ion da!n,  positlmlt nf fen.
[w vs nrc IyplI:Hlly u[wtillaln  by 1-3 km
(WI ih~ II~!:Ir ckfe. lIy %0 km pnlmvard
~1 G{, dcgrv(m Iati[uclv,  and b y  !4. 15 knl
(m thti Iar  rdau  (1[ 1:1 Illlpu(tfmr  t o  IW
meruba~,  ll~ful~ll.  fhal  Ierrcclrlal  6~
plcJI  cr:i wlclom  krwv Ilmh kwIIIiww M
lmction trs accuralety),

A n  urbltin~  Iswr nltinmif!r  rrnd 8
Inelrk: cum{ fl syfitern oflrv {ho pm
Iwlwl mewti  Ior hrtprov~)fr lunar topo
grufrllic  mupu,  Knowlrlfr lopogr~l)hfn
GD31aCl~S  1? essullliiil  lur mfc afJ-
pro:wlI  irom WI(I rfrrpnrture w orbit, as
WI:II cw for rfe+nlng :Arr powor wrd
tlwrmnt  r:<dwtmn irwlallmkms  IIN il
:,:pr,ci{ic  tillrf. Spiilial rnr.nllltkm  .of 1
mew  01 IJUNM  i:. protorfkcl  to cc.rlify
landinu  !dtcc.

I II(: I>er.1  r(,<,uf lm1)rIllnnt nnw inter.
mmlon pIulJ411y t.wworrls th~ mrbwr
1,+,:~ mcclmnicrd properlms, 10 a tlepth
{d Al Ic.mt 0 mnlw.  that :Iltuct digging,
lL\Ilf\floIIoI1 -h~llidlII[j  IIIId u[lmw prep~.
I  atif.~rrc r~f :~ny :,pc+cilic site. Wnr?mr
II IiIIIIIy  ia (“,r,l~loftlplt,ff,d,  twch infcmna-
tkm Is Illlpcjfiahl  10 0 flrealef  rff+(ft.
‘l’holJgh the lurl~l  Iiurlacw ho?.  htitin
solnfiwhal  rmrlrq.p:l 11/ml by Impacis. it
drmc vary h dale n! cot)ll)~cli[lrl, (rmin

. . ..-_
AM

. —.—. .— .. —-. .. ——.. . —..—.

Surface Transpmfafion
/ mar  Ou@rrfil Is Iho Nile 01 n  publlonlku{  Il!nt  deplcls rmnoopts  xlovalopod
dutlno  the L u n a r  Rnnn  SyMams  Study  ~lndertnkon  by Iho Atftrnllcud
P r o g r a m s  ONIUU, In t h e  ErtOlrroorlng  Ol~ootor~iCI  of  ~l~n .Inhhrmn 9Dec(+
Cnntnr,  I n  198&S0, I t  was reco~nlsoa  xr( t}Iu  IIIIIU t h o t  the apaooorafl
oarwopto proaantod  may n e t  bn thn ones  that wIII, eventually fly rmd thul
some of tho elemtmts  deacrlbed  moy not ovon be built. lt~ pllrrxnnfi  was not
to prwwrt.n praforra~  prtlh or “rotrd  map”  to Ihtr MWJII,  but to enllghton  tho
roador on tho rwoda of }unnr ● xplomtlnn rmrf rieveloDrnont,  art(f to ohallenge
the roerter to formulate now kkms ond cnlmapta.  W~J Proepnt  hero ttm snctlrm
o n  ‘Surface  Trnnspnrlotlon’.

Iurwr  sur[ace  trnnspuflatiull  i5 ‘
Irkacignod M nmvn fmnplc Hrid eqlllp  i

mvnl m m.wnpl13h  kmul Ol@livt!I
and per form long rtlslanc.e mlrwdonv
M4tding  Iho mhfJI!kI\I  ;md ,llmmy[n~l  “
of fuwro mlnlrl~ uIW fusnwce sile:{ I
LXIIWI corl~lllmliorl [ask:,, sucti  rt~ !
uxcavahun  vr Inryc oquiprrwnt  rmmm. I
biy, )Vifl tAI) :,ccom~lls.hod  by :+@:llly  ‘
dael$rred  con$lructlnn equipment,

TIIU vpwaling  cundltlon~ for curfac$
vshtckr& wIII be v e r y  alffererrl Irwll  I
ror(ecvlul rmu+l I: fwdltlr,ns Ttm hAnnII
IIHS UIW+MII  WC grnvlly (i I 11111(
nmctlcally ycru wnmspllwc,  oxrlrut14. “

I
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A<l,klfif’  NM lt~llwi v<,711k,,..,A ,., ●  w.e,,ll,,~
118.! !1:1,111. JS(.YNACA

lI,Iylcmd Ur IWO Ud(!itlohwl  Crew-mm”
)}~1$, rjepenolr)g ml Itw lrwh tecprh’o
rlxmis,”rtmsecond  jnh!lctmbttdlsccm-
rtecl+rd 10[ trips nctl rcquklog  tl!~ lrfi~ler
Aoctiorl,

It,ti pretkljrlsed  vnhlt.le  s y s t e m ,
MOSAP  (llluUilA  Gurlscc oppllcatlon
trtivRrnC v~~lcle),  pnf, H mardmuit,
lzirlqeo{~OOO~rllwlth*  r,omlrml~pced
<J lU kfnlh. II HI:W has a passive WV
pcrwion i n  the form 01 Cono Whel!ls,
llIti lwmplt.le  ayclorn i~ a four-plom+
Itlodulw”  rlcslgrr In  dlluw Ilexlbllliy  i n
I})lt.slon plarmln~  P a t h  O! Ihe  lour

IJIIIIS  CMII  k Indlvidwdly opora[ed o r
i:t,nnr3clcd I n  t h e  tra[n cor~llgutulkm
:,hwn bo!ow  and ccmtrolhd hy the fif$l
11(11[, IDI?  prlulwy c o n t r o l  roscarch
UV}IICI(I  (p(;I-tV).  [he unils Iollowlng
(IIi:  IWlv wc thu htabitatlon trriller
IJIII(, the cwxill~ty poww CMI, and the
expcrrlrtjmt  nnd sample trai ler. MOSI
lII:+tw, 5UCII n3 ufow  !r*ne tar and
tnedi~lm distance  surve

1’
w sample

c~,llnotion, wII1 r~qldra nny the }W-W,
tixlrelr151y long  trovcrocc  w i l l  he

ncoomplished hy usmfi a Iandklq clnfl
wilh WCW  rnodulo Ilylnu rwmd  trip from
Iurlm’mol[,  Hasln!j  ll~e landln~ cdl 01
tIItI output SUM{ “hrrppln~”  t r o m  SIIO !6
shtr  WUUICJ  nof  LI* 03 e n e r g y  ~fficl~r!i.
llcforeaoe
.I,.IWI Alf!t.j WI PI, lti~.:., ~kl!,>e~l, .l,~,,ltwl !hl~a.
whwtl 19RP.
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SHC1’10N  311 k?]ooci
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.-
CIippnrt  lfmiil rrpcratlons. At least
meter-deep (rind prcfcrahly  deep+r)
[etroll[h  (Iooae SOll) IS deslrtd)hi  [w
btlrykrg I n i t i a l  hcrfdlfilinn slruclutos  ICI
VUl[Id.rlC  tf~pth k-r  lon~ terh,  Oeamlc ray
and scdrsr Ilartr shlelrhnn,  Iw o  mrwcm
cd h-mm tn aterlal protu~lln~ Inhah!ind
slruclvres II ufll 011 direc.llonv,
:wlliwd hy a combination 01 lrcnch.
Illy find buryln~,  1$ rmno!dofod  adQ-
qUNO, MechhrtlCsll pTOpeftteS  ShlXJld
dfer wwy ~xcnumlkm  I lmrml te - r ich
Irmle  (lunar  “sea”’,  w l o w l a n d )  uuil
prwicfes  slighlly Sllr)Qrfnr  rrjdlallon
pm!rrcdwi tor a  glvun thlckrws~ !han
loww  Uetlslly  lfl~llk.wrcf mnterld, hilt
Ilrik is not llkety to bo d e c i s i v e  arhmn
1090  In b e r m  concbuction.

titrcond  consldelratw! 1:; ~lvell  io
!ticfuCir)~  Ihn nawl  for costly krtportt)
tlcm  of Ierre.atrird rnntcriuf  for  luncllonu
ofihl}y  fep)accrj  by lunar mr31r3fkrl,
Per}wqmthn  dmpkt  promwmmi  htnar
llIHlcl[ul  13 (,**t ba+alt  ( a  family  of
if~noout  rocltf+  common to Ihr! EWIII
nnr f  MoLIrI,  fonnod when c~dain  typ?s
Of ]W/a CCrOl (’)11 thtJ SllftilCL-,  AflbAcWi@C
{d t@$Crltn :WH llIfi majority  of  thn
Ilawcrllon  I$lands  nml  t u n e r  maria).
Hrwl!$  ffcmr tarth-bzrse(t ICsllng imfl.
owe (hat bacalfs  +pear i n  h* of suit
HtJlti (x}ilipusl(kn”l  IL-J bc mci(td,  pnwod
i n t o  k)rr(l% m’rrl  couirxf mm  bricks  and
II IfJIO c.r,mpl.ax 6wtictural formf. If e.an
film be spun IIIIU  if!sulatlno  rock wool,
+IX hrm been d o n e  {n some  Wrromo!
iruiunldfx  for sfrrcadeB.  Moltlng  and
klmorlng (healing  WIU IUIIIIIII[  wllhwd

iIIWIIII)O)  tnnlpwaimws  are a  crllt 200
degrees  CI*ISIIIZ  IOXI for 16wlwrd rmw
txwfts  man for \vPIc$rl tr!ghlzmf  fIudti
rial$, and thw~fom  rnrp!ire km proc-
tISY IMAI Materlnls Ior production o f
Anmc metals, riolw cells, cenlertt
(br.wod c,n (’:nO,  SMlclurn w i d e ) ,  con
mm, elc. m a y  be mule  brasily em
triv+od front hlohlnmf~ Mhcmoh  cow
c’uilli al~s from mu!=  nmtorlolo w i l l  ho
udouufitr!.  SWIM mghltifld  malcriak
prnducu a hlghcw. slt~nr#h,  mnri+

—.. .  — . _ .

h:41q1armw  @SS,  fur  nlmpltt Iwllomfl
mnt6rird3, r) mud (.110 ilj uupwi(~l  111)1
lllQhland  maWl@$  w i l l  woth.

Volmiilw+  in lilrmr mrmplrm  havo beerr
31WWII  I(I orlglmle  tfmn oolor wild
Implan!ailrm. i:oncpnrfallun$  rIl
hystu)gbn,  cm’bnn  :md nllrnryn,  Ilw
~OSt  ValIIHIIIU  Iu( life supporl :~1111
propnllr.lnl, aro twhllatdc tronl IUnal
rioiln o n d  rc$]61ith brocci:<u (a rr, rk
composed  01 chunks VI SUi; Jlk!I,  UILJCI
r<~kc  WI IICII hrivn hnrnll f!l!urd to~e(he!
UI d  goologlc p(uobxr). HCCWJU  thnr,n
rdernonts  lmr)lant  over  IMJ o n  trw
curfaco rJt rnlnoml gr$.ln$, Ihair MIX!+

comNsIIIIulkrI”I$ ark highest on smallof
Orains iII olrtrrr coilu.  (;oficarftrallons
occ muuh Iowor h 601id i~ncou$ (vOi-
canlc)  rocks, RHIIIIIIIUII  VI ih)lnnkc
grahm in prrnftirnn!id to othy(  c o m m o n
nllnertds.  I t  ,Is rml CICUI  that lho  bulk
twauatmv of solar  wlnr.f-lruplwtltnl
hyrirooon,  c%rkwm nr nhrfi(rrm Is sl]ffi-
dmd (UI pl.5vtlr4nl  pIrJducWm qunnli
ties  U[ propetlarll,  [Mhor  po$slbl~
oouruv$  cd volalilo compounds lrwl~ul,.
comewrry impacts, Wdlot,  Lcrl’l,i/r,
(Ilfiritie:  Ilm]hnnr?, rryrlruurm  9ulflde,
rtmrmxmh or nthct volalllvr, am unllkdy
10 lWlkWfnOaf  [rlBllnp~ClfWilll\,,lJ(l[
C.OIIM  COW in @nl rmlrl fraps.

Slltytu  Iwrrting of Idnw 30113 W /0(1
degrdo$  (; will Ilbt+tfllc,  mosl  II! lhc
VO]~tit  O$, whh hcalllig  $II,(IVO 10!,()
Uegf Kt!:+ C.tmfulrerl  I(, oM&I Itwln[ d
thr? rnsl.  Solar. drlvrm I.IIucrssrIc  cwrId
ylcld oullicleIIl fracor. r<) lttt!ke LIfI frv
htrbltal  louka~~ ijlitl ulll~[  lrmsc Q,
YnimO r.rxlw rims rmf  djeclfi hlnnkws
m!e p r o b a b l y  d<, tlcicnl III irtf[>lonlocl

vomltes;  olhw aroi+s wllli  sufllLiunl
regdifh  d~pih (prohtil)ly mcmt  O f  I} It:
W o n )  rue iikdy  to hc w.rtlrhctnry,
Ihougtt fhere may he a pr610mnrxl  ml
ilmonlto. snrtchod regions.

E@Xi311Zed  wtf tIud16$ COlllCf fhkt
sawertrl  fnrms rirsl. ‘or~” should hc
dtdinod as 6 nntu,  cd C.oncl:l)tralion  of

o WMLJI  SUb$fwruti  Ir, a Icvel wd ill II
[orfn w h i c h  l!,~ko? 11!. ailratilktrl  r,c@.

. . ——— . . . .— .,...,. ,.-. —---- . ..-

!.!, ,](:! ::. . .,, ,:, (.,! I t I.,,{ ,.,,l~,,li,,,,.
[:t,liil . ,.  “, 1,:: , ,W(,,p({ I ~,:,  , 1,,,

I i!lll,  .1 I .,;1,. .:1 ,. 1:.  ,ldi.l!, (1;  $:,7,!,.

!  Itxl  .Illld  111,  !,1.1  ,  Ivlflllll!!l!  (’,,11  )(( 1111 !*II

..il(  U,.t!l,,ilrll  ,  : !!,;.  pl,lll!  w,!  (:;,1,  I,  I,\\,

~.,  l$,,l,.  ,; 14 . I !,,  ,; 8., 111[,,,,  ,,,:,!,.,l<!  l;.

V:lp,l, IIi(llli  i,!tit, 111] l{,ll; 1111 1(! Il:c<[
I.fl::tif.!.  *. . . lil,lt4br\ 1,,.1 ,I,(lld  l(I; Irl
,  # .1, :.r,f,:,,iigf(:  ..,oita  I.!  i,ll/I,  r,l  Nf$l,,.,

tlli!ll.  Iiit(’1[  /ll!(!llill,  ,illlf$(}lll:. ll~,ll.
l~VIIIill,~;.,  .It,.,.,  ,,J,il  !.i,,#,i.  \<,l:,
!I1l.  ! . 111$.:l!  ,“l,l;~ll  II , ,1111  .,llt I i i ! / r l l ’ , 1 1 { ,
11).., !l,ll  :.1 , :l; ~!!’ !I’rdil:):,llllrl
rhll(.  l ,1111 : i 11, f:<i:.,  I’I,  C.  C,,  I,(.  IULI

!lmPIN(, 14:;: !,1)(!11  (Ii:, c.lt:::!lj(l :!:, ,,
!Il(!,;!;  t,lf 1, 01 f,\,II,,l,  l,l[l!  111,11(,1,  II’,
o l!~#lmk  II !IOII  III 111011. 11. I il. . Iliflllr,t : ,,
1:,1 ,,/1}1.[  J,l,lilll!.  .,dl’,il,l,  ::11:1 1<1:  1111

I,t,tl,llll,l[  i,,  ~,,.lllrd  ,: Il..  ,;, l!l(!l>;  ,,; :1,,,,

;(, I II!(i(,  {l!,!,:  ,:: /.’1ll  ,11,  Ill,.  II:,lf(ll  ii,l!

(71i  I 1111 Il”lt(:ltil(  l.:  I,  II!I(IIc(I)  [1 !I(II II
.<~,il 11:.llt!I I(IILIIIv(IIV txl Iwl IJ wlodto.,
XrHlk; tc;ivvquws.  Ilowcver,  no UIIU
has vot flnmnnrrtridcrtf  that nalur~lly

1
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